This study develops a theoretical model that examines the moderating effect of perceived technological uncertainty on new product development (NPD). We test the theoretical model using 553 Japanese NPD projects. We found that cross-functional integration, marketing and technical project synergy, and proficiency in the marketing and technical development activities differentially contribute to project performance in high versus low perceived technological uncertainty. Japanese project managers differentially focus the NPD effort on these factors according to the level of perceived technological uncertainty.
INTRODUCTION
Increasingly, new product development (NPD) represents the focal point of competition for many firms (Brown & Eisenhardt, 1995; Clark & Fujimoto, 1991; Song & Montoya-Weiss, 1998) .
Although the volume of scholarly research on NPD has exploded over the past two decades (for reviews see Brown and Eisenhardt, 1995; Montoya-Weiss & Calantone, 1994) , there are still many unanswered questions regarding the effects of the perceived external environment on product innovation at the project-level. Past research suggests that the NPD process and outcomes are dependent upon the level of perceived uncertainty regarding the external environment (e.g., Burns & Stalker, 1994; Capon, Farley, Lehmann & Hulbert, 1992; Zirger & Maidique, 1990) . However, with few exceptions (see Song & Montoya-Weiss, 1998; Song & Parry, 1999; Souder & Song, 1997 , past research does not precisely explain how organizations adapt the NPD process when the external environment is perceived to be highly uncertain.
Past research suggests that there are various sources of perceived uncertainty about the environment -technological uncertainty, consumer uncertainty, competitive uncertainty, and resource uncertainty (Clark, 1985; Duncan, 1972; Jauch & Kraft, 1986; Milliken, 1987) . Thus, an overly broad conceptualization of environmental uncertainty is not particularly useful (Duncan, 1972; Milliken, 1987) . This suggests that uncertainty should be studied in relation to specific components of the environment in order to properly attribute its effects. Given the accelerating rate of invention, diffusion, and utilization of new technology, we focus our attention on perceived technological uncertainty.
Perceived technological uncertainty refers to an individual's perceived inability to accurately predict or completely understand some aspect of the technological environment (Downey & Slocum,1975; Milliken, 1987) . In NPD, project managers may have perceptions of technological uncertainty regarding the application of technology to the current development project or regarding impending changes in that technology (Gifford, Bobbitt & Slocum, 1979; Jurkovich, 1974; Milliken, 1987) . Broadly defined, technology is theoretical and practical knowledge, skills, and artifacts that can be used to develop products and services as well as their production and delivery systems (Burgleman, Maidique & Wheelwright, 1996) . Our focus is on product technology. Technology is creating new imperatives for the conduct and structuring of NPD activities because new knowledge is being applied at a faster rate, greater numbers of new products are being introduced over time, the time between innovations is decreasing, and technology fusion is occurring across and within industries. As technology and product life cycles are increasingly compressed, product and technology obsoletion becomes rampant and cannibalistic (and often self-imposed). The dynamics of global competition and the escalating role of technology in NPD compel systematic research on the moderating effects of perceived technological uncertainty.
The central premise of this study is that perceived technological uncertainty moderates the relationships among the following determinants of project-level financial performance in NPD: crossfunctional integration, skill and resource synergy, and proficiency in the development process. We focus on Japanese firms because recent history has witnessed Japan's growing technological capability and Japanese firms' ability to consistently deploy technical capabilities in the commercialization of new products. Japanese firms have achieved domination in many industries characterized by both low and high technology (Kodama, 1995; Takeuchi & Nonaka, 1986 ). In addition, some past research has suggested that the Japanese NPD process is highly adaptive and responsive to the perceived external environment (Clark & Fujimoto, 1991; Song & Parry, 1996 , 1997b , 1999 . Thus, Japan's track record of successful innovation in a variety of industries and development conditions presents a rich context for studying the effects of perceived technological uncertainty on NPD.
In order to study the moderating effects of perceived technological uncertainty on Japanese NPD, we develop a project-level model that links cross-functional integration, skill and resource synergy, proficiency in executing marketing and techncial development activities, and financial project outcomes. Our empirical model is based on prior research on Japanese NPD and it is related to the general body of research on NPD in the management and marketing literatures. Key to the development of our model is Brown and Eisenhardt's (1995) conceptual integrative framework of project-level NPD and Song and Parry's (1997a) model of the determinants of Japanese new product success. Both models posit that the antecedents of new product outcomes work through a series of mediated relationships. Drawing from the Brown and Eisenhardt (1995) framework, we develop a moderated model of Japanese NPD that integrates aspects of the rational plan (e.g., Song & Parry, 1997 a, b) and the disciplined problem solving perspectives of NPD (e.g., Clark & Fujimoto, 1991; Imai, Nonaka & Takeuchi, 1985) .
In the following sections we present the theoretical foundations for our proposed model of Japanese NPD and explain its relationship to the rational plan and disciplined problem solving streams of research. We also explore cultural-based explanations for the effects of perceived technological uncertainty on Japanese NPD. We then hypothesize the expected moderating effects of perceived technological uncertainty on Japanese NPD. After describing our research methods, we test our model using project-level data consisting of 553 recently developed Japanese new products.
We conclude with a discussion of the implications of our findings and suggest several avenues for future research.
INTEGRATIVE MODEL OF JAPANESE NEW PRODUCT DEVELOPMENT

Model Overview
In a recent review of empirical research on NPD, Brown and Eisenhardt (1995) present an important integrative framework of project-level NPD research. Their review characterizes three major streams of research in the NPD area: (1) product development as a rational plan, (2) product development as a communication web, and (3) product development as disciplined problem solving.
The rational plan stream of research focuses on the determinants of project-level financial performance outcomes (e.g., market share, sales, profit), The communication web research stream examines the nature and role of information exchange in the NPD process (e.g., key players and processes of information generation, dissemination, and sharing). Finally, the disciplined problem solving stream of research concentrates on operational outcomes and decision making processes (e.g., cycle time, organizational learning, team integration). Since our primary interest is in the determinants of project-level financial performance, we draw heavily from the rational plan stream.
However, the contingency aspect of our model is based on the disciplined problem solving stream view that perceived uncertainty affects decision-making processes. Thus, our model integrates aspects of the rational plan and disciplined solving streams of research. We do not address the communication web perspective which focuses predominately on psychosocial issues concerning the nature and process of information exchange in the NPD.
Figure 1 presents our conceptual model of Japanese NPD. Our contingency model is based on two fundamental notions. First, proficiency in executing the development process is driven by the amount and variety of information available to the project team, as well as the effective organization of work (Brown and Eisenhardt 1995) . Second, project-level financial performance (e.g., ROI) is the consequence of how well skills and resources are matched, organized and deployed in the NPD process (Song & Parry 1997a,b) . Drawing from both the rational plan and disciplined problem solving streams of research, Figure 1 postulates relationships among four sets of factors.
Specifically, we propose that a project team approach (i.e., cross-functional integration in various activities) and the level of skill and resource synergy (i.e., the fit between the product concept and the firm's available resources and skills) affect proficiency in the development process (i.e., the team's ability to competently execute various marketing and technical activities). The combination of an effective process and integrated approach drives project-level product competitive advantage and financial performance (ROI).
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We take the perspective that both a political and resource deployment perspective of NPD are necessary to fully explain project-level outcomes in Japanese NPD. We maintain that problems such as motivating people, making cross-functional teams work, or managing political resource battles are some realities of NPD (Brown & Eisenhardt, 1995) . At the same time, we contend that certain product development activities simply must be well-executed if a physical product is to be successfully delivered to the marketplace (Calantone, Schmidt, & Song, 1996; Cooper & Kleinschmidt, 1987; Song & Parry, 1997a, b; Song & Montoya-Weiss, 1998 ).
The rational plan stream of research focuses on a broad range of determinants of financial outcomes (Brown & Eisenhardt, 1995; Montoya-Weiss & Calantone, 1994) . The emphasis of this stream of research is on good planning and execution of the development process, cross-functional integration, and support from management (Brown & Eisenhardt, 1995) . Overall, this stream reflects the view that there is a standard activity plan or process model that should guide development phases and activities (Cooper & Kleinschmidt, 1987; Song & Montoya-Weiss, 1998) . In an extension to the rational plan stream of research, Song and Parry (1997a) developed and tested a model of the determinants of Japanese new product success. We build on Song and Parry's (1997a) rational planoriented study of Japanese NPD to identify relationships among key determinants of Japanese new product success.
We contend that a strong planning, rational perspective of NPD is highly consistent with the Japanese high uncertainty avoidance cultural tendency (Hofstede, 1980; Song, Xie, & Dyer, 2000; Xie, Song, & Stringfellow, 1998) . Hofstede (1980) found that Japanese workers exhibit very high uncertainty avoidance tendencies. Uncertainty avoidance is the extent to which individuals are able to tolerate ambiguity. High uncertainty avoidance cultures like Japan exhibit higher levels of anxiety and energy release, have a greater need for formal rules and absolute truth, and show less tolerance for people or groups with deviant ideas or behavior (Hofstede, 1980) . Hofstede (1980) found that members of high uncertainty avoidance cultures like Japan tend to accept change less easily, take fewer risks, avoid conflict, and worry a lot about the future. In NPD, this suggests that Japanese project managers may tend to have a predilection toward planning to reduce the possibility of failures (Hofstede, 1980; Milliken, 1987; Nakata & Sivakumar, 1996) . For example, Japanese project managers who perceive high technological uncertainty will likely emphasize controls in NPD to ensure that the intricacies of developing a prototype, testing it, manufacturing the product, and launching it to the marketplace are well-executed (Nakata & Sivakumar, 1996) . Although the management research literature has not favored the rational plan perspective of NPD, the Japanese high uncertainty avoidance tendency seems to clearly suggest that this perspective is applicable to the Japanese context (Xie, Song, & Stringfellow, 1998) .
The disciplined problem solving stream is concerned with the effects of the product development team, suppliers and team leaders on development process outcomes such as speed and cost of development. Past research in this stream has been primarily case-based, deductive research on Japanese NPD practices. It has highlighted the centrality of the project team in Japanese NPD. This stream is characterized by a strong cognitive theoretical orientation that has identified contingent use of alternative problem-solving strategies in varying decision contexts (Brown & Eisenhardt, 1995) . The disciplined problem solving stream of research provides the underlying theoretical rationale for our hypothesized contingency model of Japanese NPD. Studies suggest that Japanese NPD project managers who perceive high technological uncertainty manage the NPD process differently than project managers who perceive low technological uncertainty (Brown & Eisenhardt, 1995; Clark & Fujimoto, 1991; Eisenhardt & Tabrizi, 1995; Song & Parry, 1999) .
The next section defines each construct in Figure 1 and provides theoretical foundations for the basic model structure. The basic structure of our model is drawn from past project-level empirical studies in the rational stream of research on the determinants of Japanese NPD (Song & Parry, 1997a, b) . Our contribution lies in the extension of the model to investigate the moderating effects of Japanese project managers' perceived technological uncertainty on the interrelationships among the determinants of project outcomes.
Hypothesized Moderating Effects of Perceived Technological Uncertainty
Perceived technological uncertainty refers to the inability to completely understand or accurately predict some aspect of the technological environment as it relates to NPD project decisions (Gifford, Bobbitt & Slocum, 1979; Jurkovich, 1974; Milliken, 1987) . For example, an NPD project manager may perceive the product technology to be well-understood, highly developed and, thus, straightforward in application. Alternatively, the product technology may be perceived as undeveloped and unknown, and thus, requiring trial and error research. In addition, a project manager may perceive the rate and direction of change in the product technology to be more or less predictable or unpredictable.
Past research suggests that "modes of thinking" differ depending on whether or not managers perceive a great deal of uncertainty about their environment (Milliken, 1987) . According to resource dependence theory, the technological environment is perceived, interpreted, and evaluated by human actors in organizations (Hall 1991; Daft 1992; Weick 1979) . Managers' perceptions become their reality. Thus, environmental conditions are important to the extent that they are perceived by managers and result in distinct managerial actions (Hall 1991; Daft 1992; Weick 1979) . Our central contingency hypothesis is that Japanese project managers' perceptions of technological uncertainty impact how they manage the NPD process.
Past research on Japanese NPD in the disciplined problem solving stream has uncovered two approaches for organizing product development work. For stable, mature settings, past research suggests that the dominant problem-solving model is characterized by planning and concurrent development activities (Brown & Eisenhardt, 1995; Clark & Fujimoto, 1991) . For more unpredictable, uncertain settings, the dominant problem-solving model is characterized by experiential and iterative product development (Brown & Eisenhardt, 1995; Eisenhardt & Tabrizi, 1995) . Hence, Japanese NPD has been described as disciplined problem solving because strong Japanese management provides discipline for the development effort, and yet it provides sufficient autonomy to allow the organization of work (or problem solving model) to evolve according to the demands of the environment and development task (Brown & Eisenhardt, 1995 , Song & Parry 1997a ). The very notion of Japanese NPD as disciplined problem solving implies that some aspects of the Japanese NPD process are contingent upon perceptions of uncertainty.
Development Process Proficiency. Past research in the rational plan stream has shown that development process proficiency affects project outcomes. Specifically, various development activities have been shown to influence a product's competitive advantage and financial performance in the marketplace (Montoya-Weiss & Calantone, 1994; Song & Parry, 1997a,b; Zirger & Maidique, 1990) . Product Competitive Advantage refers to a product's perceived superiority relative to competitive products. It concerns the product's technical performance and quality, as well as the degree to which the product meets customers' needs with unique features and capabilities (Song & Parry, 1997a ). Financial Performance reflects the level of financial success achieved by the new product (e.g., project-level return on investment).
Following Song and Parry (1997a, b) , we categorized proficiency in product development activities into three major areas: (1) marketing proficiency, (2) technical proficiency, and (3) competitive & market intelligence (see also Calantone & di Benedetto, 1988; Cooper & Kleinschmidt, 1987; Montoya-Weiss & Calantone, 1994 The link between development process proficiency and project outcomes is based on the resource-based view of the firm. According to this view, resources are the tangible and intangible capabilities that enable a firm to efficiently and effectively deliver a product of value to the market (Barney, 1991; Wernerfelt, 1984) . For example, a firm's marketing and technical capabilities may be viewed as intangible, higher order resources that enable a firm to perform certain critical value chain activities -perhaps better than competitors. Thus, successful new products with high customer value are more likely to emerge when development activities are well-executed (Brown & Eisenhardt, 1995; Song & Montoya-Weiss, 1998 ). Burns and Stalker (1994) argued that the basic information gathering tasks required for successful innovation differ in emphasis according to the level of perceived environmental uncertainty. A resource-based view of the firm also suggests that various factors external and internal to a firm can neutralize or dissipate a resource's comparative advantage (Barney, 1991; Peteraf, 1993; Reed & DeFillippi, 1990) . For example, a firm may fail to modify its resources in response to a change in the technological environment. As a result, a capability or resource that was once an asset can become a liability if it is no longer appropriate for the NPD project (Reed & DeFillippi, 1990) . Similarly, Leonard-Barton (1995) contends that core capabilities in NPD can become core rigidities in the face of changing technological environments. In other words, proficiency in marketing, technical and competitive intelligence activities may not be as beneficial in highly uncertain technological environments. For example, in high perceived technological uncertainty, customer need identification and translation into product technical specifications may be more complex and challenging, and it may require altogether different marketing and technical capabilities. Thus, we expect that perceived technological uncertainty will weaken the positive effects of proficiency in marketing, technical, and competitive intelligence activities on project outcomes.
H1.
The positive relationship between development process proficiency and project outcomes is stronger in low perceived technological uncertainty than in high perceived technological uncertainty.
Cross-Functional Integration. Past research has shown that effective cross-functional integration in NPD teams can enhance project outcomes (Dyer & Song, 1998; Norton, Parry, & Song, 1994; Pinto, Pinto & Prescott, 1993; Xie, Song, & Stringfellow 1998) . Crossfunctional integration in a NPD project team refers to the magnitude of interaction and communication, the level of information-sharing, the degree of coordination, and the extent of joint involvement across functions in specific NPD tasks (Clark & Fujimoto, 1990 Wheelwright & Clark, 1992; Song, Xie, & Dyer, 2000) .
The heart of the Japanese NPD process and the disciplined problem solving stream of research is the project team --the people who actually do the work of product design, development, and commercialization. We expect that the persistent importance of teams in Japanese NPD is partly a manifestation of the cultural tendencies toward high uncertainty avoidance and collectivism. Both tendencies inherently foster a group orientation in work activities. The Japanese NPD process is generally characterized by a great amount and variety of information exchange and functionally coordinated responses that are fostered by integrated and autonomous teams (Dyer & Song, 1997; Kodama, 1995; Nonaka, 1990; Takeuchi & Nonaka, 1986 ).
The basic theoretical argument for using a cross-functional team in NPD is that functional diversity increases the amount and variety of information available to team members. This broadens team members' understanding of the product development problem and potential solutions, as well as increases their ability to solve complex problems (Milliken & Martins, 1996) . Thus, we expect crossfunctional integration to provide even greater benefit to project outcomes when project managers perceive high technological uncertainty. However, resource dependency theory suggests that perceived technological uncertainty impacts the degree of interdependence among the functions and the nature of the resulting cross-functional interactions (Pfeffer & Salancik, 1978) . This suggests that the nature of team tasks and responses will differ according to the level of perceived technological uncertainty.
Involving functionally diverse people in all development activities may offer opportunities for integrating diverse information and perspectives, but it can also impose significant constraints on development cycle time. Teams in the collectivistic Japanese culture are characterized by consensus decision-making. Past research suggests that Japanese managers are willing to spend substantial time achieving group consensus and maintaining harmony (Xie, Song, & Stringfellow, 1998) . High perceived technological uncertainty tends to increase the difficulty of reaching consensus and may increase the propensity for conflict and compromise in marketing, technical and competitive intelligence activities. This, in turn, may negatively impact the team's proficiency in executing the development process. Therefore, we expect that cross-functional integration has stronger positive effects on proficiency in development activities (marketing, technical, and competitive intelligence) when there is low perceived technological uncertainty. Stated formally:
H2. The positive relationship between cross-functional integration and development process proficiency is stronger in low perceived technological uncertainty than in high perceived technological uncertainty.
H3.
The positive relationship between cross-functional integration and project outcomes is stronger in high perceived technological uncertainty than in low perceived technological uncertainty.
Skill and Resource Synergy. Numerous empirical studies in the rational plan stream of research have found that the development process and project outcomes are enhanced by a good fit, or synergy, between a firm's technical and marketing resources and skills and the new product concept (e.g., Cooper & Kleinschmidt, 1987 , 1993 Song & Parry, 1997a; Montoya-Weiss & Calantone, 1994) . Technical synergy refers to a project's fit with the available R&D, engineering, and production skills and resources. Marketing synergy refers to a project's fit with the available market research, salesforce, distribution, and advertising/promotion skills and resources.
From a resource-based view of the firm, theory suggests that better synergy between a firm's skill and resource base and the project requirements should enhance project outcomes (Brown & Eisenhardt 1995; Prahalad & Hamel, 1990) . The benefits of skill and resource synergy to development process proficiency are based on the theoretical view of project teams as information processing task groups. Information processing theory suggests that NPD is a series of informationacquisition and utilization activities designed to reduce uncertainty (Moenaert & Souder, 1990) .
Efficient task uncertainty reduction requires that the project team identify the relevant uncertainty and identify instruments to reduce the uncertainty (Victor & Blackburn, 1987) . A lack of synergy between the project needs and the available resources and skills implies a gap between the amount of information required to perform particular NPD activities and the amount of information already possessed by the firm (Galbraith, 1973) . Thus, marketing synergy should enhance proficiency in marketing activities and technical synergy should enhance proficiency in technical activities.
Perceptions of technological uncertainty implies that the NPD project manager lacks information about the application of technology to the current development project or regarding the predictability of impending changes in that technology. In these situations, the NPD team must reinterpret, restructure, and expand its existing knowledge base in order to conduct the necessary development activities (Leonard-Barton, 1995) . When the technological environment is perceived to be uncertain or unpredictable, we expect that synergy is less beneficial to the proficient execution of development activities. It is less beneficial because the existing marketing and technical skills and resources may not be the right ones for the project. Thus, we expect that marketing and technical synergy will have stronger relationships with proficiency in marketing and technical development activities and project outcomes in low perceived technological uncertainty conditions.
H4.
The positive relationship between skill and resource synergy and development process proficiency is stronger in low perceived technological uncertainty than in high perceived technological uncertainty.
H5.
The positive relationship between skill and resource synergy and project outcomes is stronger in low perceived technological uncertainty than in high perceived technological uncertainty.
RESEARCH METHODOLOGY
Research Design
We developed a procedure for conducting international research based on the suggestion by Douglas and Craig 1983. Our overall research design entails a large-scale, project-level crosssectional survey. To lay the groundwork for our research and to develop measures, we conducted field research with 16 representative NPD teams in Japan. We interviewed the project manager and members of the 16 development teams. The interviews were semi-structured dialogues. The purposes of the interviews were as follows: (1) to select appropriate research methodologies; (2) to develop sampling and survey administration techniques and procedures; (3) to establish the content validity of the concepts and the hypothesized relationships among the constructs; (4) to develop new measures;
(5) to establish equivalence of the constructs, concepts, measures, and samples; and (6) to assess the possibility of cultural bias and response format bias (Douglas and Craig 1983) .
After completing the first round of field research, we sought to identify subsets of measures that were unique and possessed "different shades of meaning" to informants . We submitted a list of constructs and corresponding measurement items to two panels of academic experts in the NPD area. The panels critically evaluated each item for clarity, specificity, and representativeness. On the basis of the feedback from these two panels of experts and a second round of group interviews, we prepared a draft questionnaire including the items judged to have high consistency and face validity with the constructs. We used a two parallel-translation/doubletranslation method to translate the questionnaire into Japanese. The final stage of measurement development consisted of two pretests of the resulting questionnaires with representative respondents to identify wording problems or ambiguities.
Data Sources and Sample
The sampling frame was drawn from all Japanese companies traded on the Tokyo, Osaka, and Nagoya stock exchanges. The sampling frame was precisely defined in two steps. First, all nonservice Japanese companies traded on the Tokyo, Osaka, and Nagoya stock exchanges were identified. Second, the identified companies were contacted through phone calls, mails, or one-page presurveys. The purposes of the presurvey were to gain participation commitment and to assess the status of the firms' NPD activities. The presurvey identified 611 firms that met the criteria of developing and commercializing at least four new physical products. Due to budgetary constraints and the difficulties of collecting data at either the division or project level from Japanese firms, 500
of the 611 firms in the sampling frame were randomly selected for the survey.
In administering the mail survey, we followed the total design method for survey research (Dillman, 1978) . Two recently introduced projects were requested from each participating firm.
Each selected project had been introduced within the last two years and was typical of the NPD projects undertaken by the company during that time. For each selected project, the original project manager was asked to complete a questionnaire requesting historical data about the project. After four follow-up letters and multiple phone calls/faxes, we received completed questionnaires for 788 NPD projects from 404 Japanese firms.
After the first phase of the GLOBALTECH project, we conducted a longitudinal study to collect the objective financial performance data. For each of the original 788 NPD projects, we attempted to collect data on the project-level profits and the investment for the first three years. We were able to collect the data for 553 of the original 788 NPD projects. Thus, the effective sample size for this article is 553 NPD projects and the final response rate is 55%. The final sample included the following industries: computer related products; electronics; electric equipment and household appliances; pharmaceuticals, drugs and medicines; machinery; telecommunications equipment; instruments and related products; air-conditioning; chemicals and related products; and transportation equipment.
To examine possible nonresponse bias and the representativeness of the participating firms,
we performed a MANOVA of the 553 projects for which we obtained ROI data and the remaining 235 projects for which we were not able to collect ROI data. We compared the two samples on all of the antecedent variables. The results were not significant at the 95% confidence level, suggesting no significant difference between the two groups. We also compared the possible differences in total assets, number of employees, and R&D spending between the responding firms and non-responding firms. The results were not significant at 95% confidence level, suggesting that non-response bias is not a concern.
MEASURES AND ANALYSIS
Measures
All of the antecedent variables depicted in Figure 1 were measured with multiple-item scales.
Likewise, the moderator variable, perceived technological uncertainty, was operationalized as a multi-item scale (Cronbach alpha = 0.87). The Appendix reports the complete list of all measurement items for each construct, as well as the response format employed in the questionnaire.
While certain items were developed specifically for the Japanese context, many measurement items were derived from existing validated scales. Respondents answered all questions using a Likert-type scale ranging from 0 to 10, where 0 is "strongly disagree" and 10 is "strongly agree". Our field research suggested that an 11-point scale was appropriate for studying Japanese management practices because a 100 percentage grading system is used in most of the Japanese schools.
Additionally, we asked respondents to classify their perceptions of the development conditions for each project as high or low technological uncertainty based on their knowledge or company records.
When we split the data based on the mean of the multi-item perceived product technological uncertainty construct, the resulting classifications were highly consistent with the project managers' dichotomous self-classifications (96.2% of the projects have the same classification).
Analysis: Measurement Model
We adapted the two-step approach to structural equation modeling recommended by Anderson and Gerbing (1988) . Before estimating the structural paths to test the hypothesized relationships between constructs, we developed and tested an initial measurement model (Peter 1979 (Peter , 1981 . We assessed, validated, and purified the psychometric properties of the measurement model. The initial measurement model was subjected to confirmatory factor analysis (CFA) through LISREL to assure unidimensionality, as well as to assess convergent and discriminant validity (Joreskog & Sorbom, 1989) . The measurement scales were purified by reviewing each construct and deleting items that loaded on multiple constructs or had low item-to-construct loadings. The final measurement model was evaluated on the following criteria: convergent validity, discriminant validity, unidimensionality, and reliability. (Bentler, 1980) for the model all exceeded the critical level of 0.90 (Bearden, Sharma, & Teel, 1982) . Bagozzi & Phillips, 1982) . If the confidence intervals do not include one, discriminant validity is demonstrated.
Since none of the confidence intervals for the φ values in the measurement model contains a value of one (p< 0.01; Table 1 ), we conclude that the constructs possess discriminant validity. For completeness, we further examined the discriminant validity of the three constructs measuring development process proficiencies. We explicitly assessed the appropriateness of utilizing the three distinct development proficiency constructs by performing a series of CFAs to compare a one-factor, two-factor, and threefactor model structure. The three models differed only with respect to the number of constructs measuring proficiency in these three sets of NPD activities.
We compared three models using two tests of discriminant validity: (1) the chi-square difference test (Bagozzi & Phillips, 1982; Bollen, 1989) , and (2) the single sample cross-validation index ECVI (Browne & Cudeck, 1992) . The chi-square difference test (Likelihood ratio test) compares the restrictive model with less restrictive models by examining the difference in χ 2 and the difference in the degrees of freedom. If the difference is statistically significant, it provides evidence of discriminant validity (Bagozzi & Phillips, 1982) . The single sample cross-validation index (ECVI) takes parsimony into account as well as fit when comparing alternative models (Browne & Cudeck, 1992) ; it can be used for nested models as well as non-nested models. The model with the smallest ECVI value could be considered the best model (Joreskog & Sorbom, 1989) . Careful examinations of the results indicated that the three-factor model (i.e., the hypothesized model) clearly outperformed other model configurations in terms of discriminant validity.
Unidimensionality. Examinations of the modification indices, residuals, and overall fit
indices revealed no substantial departures from unidimensionality. Table 1 reports that the Cronbach alpha scores ranged from 0.83 to 0.98, indicating that the constructs are highly reliable (Nunnally, 1978 ). An examination of the patterns of item-item correlations and item-total correlations further indicated that there were no deviations from the internal consistency and external consistency criteria suggested in the literature. These results suggest that the measurement model fits the data well and that testing the structural model is appropriate.
Hypothesis Testing Analysis: Structural Model.
Figure 2 presents the operationalized structural model that delineates the relationships between and within the four sets of factors presented in Figure 1 . The structural paths in the operational model are derived directly from past empirical research in the rational plan stream on determinants of Japanese NPD process and project outcomes (Song & Parry, 1997a) . As hypothesized, our analytic purpose is to examine the moderating effect of perceived technological uncertainty on each path in Figure 2 .
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To test the hypothesized contingency model, we split the sample into two groups based on the composite score of the perceived technological uncertainty scale. Based on the mean score of the composite perceived technological uncertainty construct, projects were identified as developed in "high" or "low" perceived technological uncertainty. This classification scheme resulted in 291 projects in the high perceived technological uncertainty group and 262 projects in the low perceived technological uncertainty group.
Based on the measurement model established in the previous analysis, we used a two-group LISREL model to examine the structural relationships and test for significant differences between the two groups (Bollen, 1989) . The two-group model facilitated a direct assessment of the moderating effect of perceived technological uncertainty on the Japanese NPD process. The two-group analysis was conducted in several steps. First, the hypothesized contingency model was compared with the "equal" model in which all structural paths were set to be equal across the two groups. We found that the theoretical contingency model has a substantially better overall fit than the equal model (χ 2 = 117.16, p<.01), suggesting that some paths are significantly different between the high and low perceived technological uncertainty groups.
Second, using the decision-tree framework suggested by Anderson and Gerbing (1988) , we compared the theoretical model with other alternative models to test whether a "better" model exists.
The subsequent chi-square difference tests suggested that the theoretical model could be improved significantly by adding a path from Technical Synergy to Financial Performance (χ 2 = 9.07, p<.05).
The revised model was further compared with other models. The results suggested that no other models are more parsimonious (i.e., with greater degrees of freedom and/or better overall fit indices).
Thus, the revised model was used as the final model for subsequent analyses.
Finally, a two-group analysis was performed to derive parameter estimates of the final model for each group separately and to assess the goodness-of-fit of the overall model for both groups considered simultaneously. Each path estimate was tested for significant differences between the two groups.
Control Variables
Since we collected two observations form many firms, we can examine whether bias exists due to some omitted firm effects. To explicitly test for the presence of possible omitted variables bias in the parameter estimates, we used a modified procedure recommended by Hauseman (1978) to compare the results of the within-estimates (i.e., the estimates based on deviations from firm means) and the between-estimates (i.e., the estimates based on the firm means) (see for details of the procedure, see Staelin 1990, 1995; Calantone, Schmitd, & Sonf, 1996) . If the omitted variable were correlated with the regressors, the between-estimates would be biased and inconsistent but the within-estimates would be consistent. We re-estimated the ROI regression equation using OLS for both the within-and between-estimates for both high and low perceived technological uncertainty samples. The results showed that all coefficient pairs were within a 90 percent confidence interval of each other. This increases our confidence that our findings are untainted by omitted variables. As an additional step, we included the number of employees, percentage of R&D spending/sales, and total assets in the LISREL model as control variables. We collected these firmlevel data from the Japanese Company Handbook. Table 3 reports the parameter estimates and significance levels for each path in two-group structural equation model. The results suggest that the structural model fits the data very well (χ 2 = 9.07, p<.05, GFI=.93, CFI=.86) (Bearden, Sharma & Teel, 1982) . We found that not all paths are equal across the two groups; i.e., there are some significantly moderated effects. The bold italicized cells in Table 3 indicate that we found nine significant differences between the high and low perceived technological uncertainty groups. Specifically, we found that cross-functional integration has a stronger effect on financial performance in high perceived technological uncertainty (CF- [
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In sum, the high perceived technological uncertainty group is associated with four significantly stronger effects and five significantly weaker effects relative to the low perceived technological uncertainty group. All remaining paths were not significantly different across groups.
Overall, our results suggest that certain path relationships are moderated by perceptions of technological uncertainty. Thus, we find support for our central contingency hypothesis that Japanese project managers' perceptions of technological uncertainty impacts how they manage the NPD process.
DISCUSSION
Development Process Proficiency
Hypothesis 1 predicted that the positive relationship between development process proficiency and project outcomes would be stronger in low perceived technological uncertainty than in high perceived technological uncertainty. Our results do not support H1. Contrary to our expectations, our results indicate that the level of perceived technological uncertainty does not moderate the relationships between proficiency in various development activities and project outcomes. However, the results in Table 3 suggest that proficiency in the various development activities have different magnitudes of effect on project outcomes. This suggests that certain development activities will be less beneficial to project outcomes when the technological environment is perceived to be highly uncertain because the various types of information may not be as critical to project requirements or marketplace success. The disciplined problem solving and rational plan streams of research have not previously considered differences in the relative importance of the development activities according to different levels of perceived technological uncertainty. Our results provide empirical support for this notion, thus extending both streams of research.
According to the disciplined problem solving perspective of Japanese NPD, perceived environmental stability is conducive to problem-solving strategies characterized by extensive planning and concurrent development activities (Brown & Eisenhardt, 1995; Hayes, Wheelwright & Clark, 1988) . In these conditions, the information required for the NPD project is readily available.
The relevant information is structurable and analyzable and it is not highly variable over the project life cycle. Conversely, when high technological uncertainty is perceived, the disciplined problem solving stream contends that NPD requires more iterative, experiential problem solving strategies (Eisenhardt & Tabrizi, 1995) . In these conditions, development activities cannot be fully rationalized or planned a priori because the project team is not able to readily amass relevant technological information. Our results suggest that contingent use of different problem solving strategies in different perceived environments does not necessarily manifest itself in a different NPD process.
Instead, different perceptions of technological uncertainty contribute to varying degrees of emphasis on specific development activities. This is an important link between the rational plan stream of research and the disciplined problem solving stream.
Cross-Functional Integration
Hypothesis 2 predicted that the positive relationship between cross-functional integration and development process proficiency would be stronger in low perceived technological uncertainty than in high perceived technological uncertainty. Our results provide partial support for H2. As expected, perceptions of high technological uncertainty significantly weaken the effects of cross-functional integration on marketing proficiency and competitive and market intelligence. However, Table 3 indicates that perceptions of high technological uncertainty significantly strengthen the effect of cross-functional integration on technical proficiency.
Our results suggest that the appropriate tasks for Japanese NPD teams vary according to perceptions of technological uncertainty. It may be that different levels of perceived technological uncertainty evoke different responses from the project team regarding coordination in various development activities. Japanese project teams have been described as particularly adept because of their ability to tolerate ambiguity, intentionally delay final technical specification in anticipation of more information, and rapidly share and respond to new information (Imai, Nonaka & Takeuchi, 1985) . However, Imai, Nonaka, and Takeuchi (1985) found that ill-defined technical problems can result in excessive information redundancy and chaos in Japanese product development. Thus, perceptions of technological uncertainty may lead to more critical evaluations of cross-functional communication exchanges, which in turn, may lead to inefficiencies in the conduct of certain development activities. Past research suggests that cultural uncertainty avoidance tendencies influence affective reactions in social contexts (Gudykunst & Ting-Toomey, 1988) . This may lead to conflict in the project team. Our results suggests that perceived technological uncertainty may create tension and conflict in the project team such that the effectiveness and efficiency of marketing activities are greatly reduced (Imai, Nonaka & Takeuchi, 1985) . To date, neither the disciplined problem solving stream nor the rational plan stream of research has considered whether or not cross-functional integration is beneficial to different types of development activities in high versus low perceived technological uncertainty.
Hypothesis 3 predicted that the positive relationship between cross-functional integration and project outcomes would be stronger in high perceived technological uncertainty than in low perceived technological uncertainty. Our results support H3. Our results indicate that perceptions of high technological uncertainty significantly strengthen the positive effect of cross-functional integration on financial project performance. Cross-functional integration may be fundamental to Japanese NPD because teams are the most culturally acceptable mechanism for achieving the information integration necessary to resolve technological uncertainty (Milliken & Martins, 1996) .
Considering the results for H2 and H3 jointly, our results suggest an interesting paradox.
Although intensive cross-functional communication and cooperation may generally characterize
Japanese NPD teams (Song & Parry,1993) , our results suggest that cross-functional integration is not necessarily beneficial to all activities in the NPD process. While teams may play an invaluable role in information exchange in Japanese NPD, our findings suggests that it is necessary to attribute the benefits of cross-functional integration to the appropriate perceived environmental circumstances and development activities. Thus, duplication of a practice driven largely by Japanese culture will not necessarily enhance NPD effectiveness. This is an important clarification of both the disciplinedproblem solving and rational plan streams of research.
Skill and Resource Synergy
Hypothesis 4 predicted that the positive relationship between skill and resource synergy and development process proficiency would be stronger in low perceived technological uncertainty than in high perceived technological uncertainty. Our results provide support for H4. We found that technical and marketing synergy have significantly weaker effects on technical and marketing proficiency (respectively) in the high perceived technological uncertainty group. This finding provides empirical evidence for the supposition that perceptions of technological uncertainty create inefficiencies in the development process because tasks are less straightforward and nonroutine (Kodama, 1995; Miyazaki, 1995) . When technological environments are perceived to be highly uncertain, the project manager may be struggling to simply understand the market, the core technology and its application, or to establish standards. Thus, executing the technical and marketing development activities will require significant reinterpretation, restructuring, and expansion of the existing technical knowledge base (Leonard-Barton, 1995) . This finding extends both the disciplined problem solving and rational plan streams of research by demonstrating that the way in which skills are resources are applied to the NPD project differs in the two settings.
Hypothesis 5 predicted that the positive relationship between skill and resource synergy and project outcomes would be stronger in low perceived technological uncertainty than in high perceived technological uncertainty. Our results do not support H5. Interestingly, the effect of technical synergy on product competitive advantage is significantly stronger in the high perceived technological uncertainty group. No prior research in the disciplined problem solving or rational plan stream has shown (or tested) this effect. One possible explanation for this counterintuitive finding is that customer value and product competitive advantage may be primarily a function of the level of technical superiority achieved when technological environments are perceived to be highly uncertain.
Thus, the priority of effects changes.
Our finding for H5 provides empirical support for the notion that Japanese firms intentionally use NPD projects to develop their skill and resource base. According to Kodama (1995) and Miyazaki (1995) , the dominant Japanese mode of "trickle-up" diversification in NPD involves proactive extension of the firm's core competencies or knowledge bases outside the conventional domain. This suggests that the desired level and type of synergy or fit for NPD projects varies in importance according to the perceived technological conditions. According to Kodama (1995) , Japanese firms often deliberately extend the existing knowledge and skill bases through NPD projects in order to support future growth. Thus, when Japanese project managers perceive high technological uncertainty, it may be that technical synergy is a stronger driver of product competitive advantage precisely because the technical dimensions of the product are highly problematic, and thus pose a greater threat to success. According to Kodoma (1995) , the technical resource and skill base is central to achieving feasible and desirable technical solutions for Japanese NPD projects. Conversely, in low perceived technological uncertainty, since the technical decisions are more straightforward, product competitive advantage is more strongly affected by the proficient execution of the various development activities. Future research is necessary to further explore this interesting relationship and the generalizability to other cultural and environmental contexts.
Total Effects
The preceding discussion indicates that several of our contingency hypotheses are supported.
To summarize our analysis of the determinants of Japanese NPD process and project outcomes in high and low perceived technological uncertainty, we report the total effects (derived from Table 3) in Table 4 . As one would expect given the array of moderated effects, the total effects are different in high versus low perceived technological uncertainty. The results reveal several interesting differences in the relative importance of the determinant factors across the high and low perceived technological uncertainty groups.
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The summary of total effects suggest that different sets of factors differentially contribute to success. This is an important managerial implication suggesting that perceptions of high versus low technological uncertainty are associated with distinct requirements for success. Our results suggest that Japanese project managers differentially focus the NPD effort on certain factors according to the level of perceived technological uncertainty in order to optimally and effectively utilize the firm's skills, resources, and competencies. This finding is an important extensions of the rational plan and disciplined problem solving streams of research. The rational plan stream has concentrated on developing an "ideal" process model of determinants of project outcomes. Our results suggest that a contingent view of the Japanese NPD process is necessary. The disciplined problem solving stream has not traditionally included financial performance outcomes as measures of success. Instead, the focus has been on cycle time, product quality, and organizational learning (Brown & Eisenhardt, 1995) . Our results link the determinant factors to financial performance and demonstrate differences in priorities according to the level of perceived technological uncertainty. Since we have only three years of project ROI data, future research is needed to examine longer-term performance implications.
CONCLUSIONS
Past research has suggested the importance of a contingency perspective of Japanese NPD, but none has explicitly tested the contingency effect of perceived technological uncertainty on project-level outcomes. Past empirical research on Japanese NPD is characterized by both a rational plan and disciplined problem solving perspective (Brown & Eisenhardt, 1995; Song & Parry, 1997a) .
The underlying rationale for our model of Japanese NPD is based on the premise that both perspectives are consistent with Japan's cultural tendency toward high uncertainty avoidance.
Drawing on both streams of research, we developed and tested an integrated contingency model of Japanese NPD.
Our model and findings extend the rational plan of research by explicitly considering the moderating effects of perceived technological uncertainty on Japanese NPD. Brown and Eisenhardt (1995) criticized the rational plan stream for being persistently exploratory, lacking a theory base, relying extensively on bivariate correlation analysis, and using ill-defined constructs. Our conceptual model development provides a strong theoretical framework for the links in the model. Our construct operationalization expands the rational plan stream of research by providing detailed construct definition and measurement. We developed multi-item scales for all constructs and then purified the scales using CFA. We also employed structural equation modeling techniques to test the complex set of interrelationships among the constructs with perceived technological uncertainty modeled as a moderator.
Similarly, our model and findings extend the disciplined problem solving stream of research by broadening the scope of factors traditionally considered in this stream. Our model of Japanese NPD includes detailed development activities, financial performance outcomes, and perceived technological uncertainty. We also extend the disciplined problem solving stream by empirically examining the effects of a contingency perspective on the Japanese NPD process using large-scale project-level data in the high technology industries. Finally, we strengthened the conclusions of the disciplined problem solving stream of research by explicitly considering how Japanese cultural tendencies (e.g., high uncertainty avoidance) may be intertwined with the organization of work and selection of problem-solving strategies.
Limitations and Directions for Future Research
Our conclusions must be qualified in several ways. First, we focus on NPD projects in high technology industries. High technologies have the following characteristics: strong network externalities, high uncertainty, rapid changes in industry standards, short technology life cycles, and faster development cycle time. Future research should extend the study to other industries.
Second, our study was conducted at the project-level only. We used the project manager as the single informant for our survey. There may be firm-level factors that interact with the projectlevel determinants of new product outcomes (e.g., organizational culture or structure). There may also be other project-level factors that should be included. Building on our findings, future research should examine additional variables (e.g., the role of top management and supplier relations on Japanese NPD) and pursue multiple respondents per project or firm. Future research should also carefully explore the connections between project and organizational-level determinants of new product outcomes and between project managers and top management perceptions.
Third, our study only examined the moderating effects of perceived technological uncertainty.
Future research needs to explore alternative sources and types of perceived uncertainty on the Japanese NPD process and project outcomes. We maintain that it is important to carefully define the domain (source) of the environment about which the decision maker is uncertain, as well as delineate the nature or type of the uncertainty being experienced (Milliken, 1987) . Other sources of perceived uncertainty about the external environment include consumer uncertainty, competitive uncertainty, and resource uncertainty. Future research should explore how these other sources of perceived uncertainty independently and jointly affect the Japanese NPD process and how the various sources of perceived uncertainty interact. Future research could also catalog the relationship between specific product and process technologies and managers' perceptions of technological uncertainty by further refining our scale items.
We expect that the various sources of perceived uncertainty will lead to differential contingent effects on the Japanese NPD process and project outcomes. This is an important path for future theoretical and empirical research because it suggests a complex, multi-layered contingency view of NPD. This research direction could benefit the rational plan stream by deepening our understanding of the basic paths in our model (i.e., when do the relationships hold and when do they not). It could also benefit the disciplined problem solving stream by more fully explaining why (and when) the Japanese employ alternative decision models for the organization of work.
Fourth, our study only focused on the Japanese NPD process and project outcomes. An important avenue for future research is to explore how the relative importance of different paths in 30 our model or the contingent effects we found vary from country to country. Perceived uncertainty has been a central concept in the organization theory literature (Milliken, 1987) and it has also been a central concept in research on cultural variability (Hofstede, 1980) . Cultural variations can serve as scope or modifying conditions for theoretical hypotheses. While we can draw conclusions and prescriptive guidelines from the Japanese perspective, we have not directly compared our results to NPD practices in other countries or cultures. Future research is needed to examine cross-national differences in NPD practices so that we may more precisely understand the effects of culture on the NPD process. Cross-national comparative research would enable us to more conclusively resolve which of our findings are "best practices" for NPD versus simply artifacts of the Japanese culture.
Understanding successful firms can provide a useful benchmark for future managerial decisions. Table 2 ) are significant at 95% confidence level. The order of the items are listed in the same order as the scales reported in the Appendix. All of the factor loadings are significant at the 95% confidence level. We list below some statements about possible technological uncertainties. To what extent do you agree/disagree with each of the following statements about the uncertainties pertaining to this selected development project? Here: 0 = strongly disagree, 10 = strongly agree, and numbers between 0 and 10 indicate various degrees of agreement or disagreement.
1. The technology involved in this project was a "well-developed science." i.e., there was a well-developed body of scientific know-how, there were many well-known cause and effect relationships and the predictive state-of-the-art is very high. (R) 2. The rates (speed and pace) of the changes of the technology employed in this project were very unpredictable.
3. The technology used in this product was changing rapidly.
4. The changes in R&D technology for this project was very unpredictable.
5.
The technology involved in this project was an "undeveloped science." i.e., the technology was not well understood, the phenomena were not well-defined and the predictive state-ofart was very low. There was much trial and error research.
6. It was very difficult to predict where the technology used in this product will be in the next 2 to 3 years.
• Please classify this new product development project as:
___ High Technological Uncertainty Project OR ___ Low Technological Uncertainty Project.
• This classification is based on: ___ Company Records of this Project; ____ My Perception of the Uncertainty Level.
Note: For a project to be included in the final data analysis, the multi-item scale must match the self-classification.
